In a single-blind controlled study, forty children with congenital heart disease were premedicated with oral trimeprazine 3 mg/kg and either intramuscular morphine 0.1 mg/kg or oral ketamine 10 mg/kg. Cardiovascular and respiratory effects of premedication and degree of sedation induced were similar in the two groups of patients. Oral ketamine is a safe and effective premedicant in this group of patients.
In order to reduce anxiety and aid induction of anaesthesia, it is generally recommended that children undergoing cardiac surgery receive a generous dose of premedication. This is often provided as a combination of a sedating agent and an opiate. I Satisfactory preoperative sedation may thus be achieved at the expense of a degree of cardiorespiratory depression.
In this unit, we have found oral ketamine to be a useful premedicant in children with congenital heart disease. The purpose of this study was to compare the effects of premedication using oral ketamine with our previous standard premedication of intramuscular morphine.
PATIENTS AND METHODS Forty children presenting for anaesthesia for cardiac surgery were included in the study, which had received local ethical committee approval. Informed consent was obtained from the parents of each child. Upon entry into the study, patients were randomly allocated to either group A or group B. All patients received oral trimeprazine 3 mg/kg two hours preoperatively. One hour preoperatively, those in group A received intramuscular morphine 0.1 mglkg; those in group B received oral ketamine 10 mg/kg mixed with five millilitres of orange juice.
Heart rate, blood pressure, and respiratory rate were recorded before administration of trimeprazine (control), thirty minutes after either morphine or ketamine, and again prior to induction of anaesthesia. Cardiovascular measurements were made using an automatic sphygmomanometer (Critikon Dinamap 1846). An anaesthetist, who was unaware of the premedication given, assessed the patient in the anaesthetic room and recorded the level of arousal on arrival, response to intravenous cannulation or inhalational induction, and degree of salivation at the time of intubation, according to the scheme outlined in the tables below.
Anaesthesia was conducted in a manner appropriate for the proposed surgical procedure. Postoperatively, patients were managed in the Intensive Care Unit where most underwent a period of elective ventilation. Although the children were not questioned directly, the attending nurse was asked to report if the patient mentioned vivid dreams or demonstrated any abnormal postoperative behaviour.
Statistical analysis was performed using the chi-squared test with Yates' correction, paired or unpaired t-test as appropriate.
RESULTS
There was no significant difference between the groups in respect of demographic details, nature of disease, or type of surgery undertaken (Table 1) . 
Morphine Ketamine
Mean age (range) yr 3.1 (0.5-6.9) 3.9 (0.9-7.9) Mean weight (SD) kg 12.2 (4.7) 13.5 (4.8) M:F 10:10 9:11 Cyanotic:Acyanotic 7:13 7:13 Open:Closed heart 12:8 12:8
Following premedication, systolic blood pressure and heart rate remained stable in each group. These indices showed no significant change either between the groups or compared to the within-group control measurement at any time ( Figure 1 ).
Respiratory rate decreased following premedication in both groups. In the ketamine group, this change was statistically significant (P < 0.05) at the 30-minute and pre-induction assessments, falling from a control mean (SD) of 31.6 (10.9) breaths per minute to 27.9 (8.3), then 29.1 (9.5) breaths per minute respectively at the two assessment times. In the morphine group, the reduction in respiratory rate became significant (P < 0.01) at the pre-induction assessment, decreasing from a control rate of 31.6 (8.5) breaths per minute to 25.2 (7.3) breaths per minute. Although the reduction in respiratory rate was of greater magnitude in the morphine group, at no time was there a statistically significant difference between the groups (Figure 1 ). Patients' demeanour on arrival in the operating department (Table 2) and co-operation with induction of anaesthesia (Table 3 ) was judged to be satisfactory in the majority of cases in each group. There was no significant difference between the groups in this respect. There was no excessive salivation in the ketamine group (Table 4 ). No child complained of vivid or unpleasant dreams in the peroperative period.
DISCUSSION
In spite of the long history of the employment of ketamine as an anaesthetic agent in children with congenital heart diseases 2 ,3 there are few published accounts of its administration by the oral route. Given orally, it has been reported to be effective as an analgesic agent at a dose of 1.0 mg/kg,4 and as a sedative agent at a dose of 12.5 mg/kg,S although in the latter case emergence phenomena made the drug unsatisfactory. The absence of such effects in the present study may be explained by the concomitant use of a sedating agent 6 and the prolonged surgical time involved in our cases. Similarly, the use of trimeprazine, which has some anticholinergic effects, may be responsible for the absence of the excessive salivation often seen with ketamine. We decided to include trimeprazine in our study design as our usual practice was to use a combination of this agent and morphine as a premedication. It was decided that a valid comparison of morphine and ketamine could be made only if trimeprazine was given to all patients.
The theoretical consideration that ketamine, as a sympathetic stimulant, may adversely affect haemodynamics in patients with cyanotic congenital heart disease has not been supported by clinical investigation. 7 In children with congenital heart disease given ketamine 2 mg/kg IV during the course of cardiac catheterisation, there was no significant difference in Qp:Qs ratio, nor any change in magnitude or direction of shunt. 8 This has been supported by work in this department, where seventeen children with cyanotic congenital heart disease received oral ketamine, 5 mg/kg or 10 mg/kg. There was no change in the Sa02, monitored by continuous pulse oximetry for sixty minutes following ketamine administration (unpublished observations ).
Although the metabolism ofketamine is not fully understood, the major pathway of biotransformation involves demethylation in the liver to norketamine. This compound probably possesses anaesthetic and analgesic properties. In a study of adult volunteers given 0.5 mg/kg ketamine orally, pain thresholds were increased thirty minutes after ingestion. Plasma ketamine levels failed to reach analgesic concentrations, although a much greater peak in norketamine concentration was seen compared with intramuscular administration. 9 The pharmacokinetics of ketamine in children were found to be similar to those in adults given the same intramuscular dose based on body weight. In children, however, absorption was more rapid and norketamine levels were higher than in the adults. ID We were unable to measure plasma ketamine and norketamine levels in this unit, although the results would have been interesting, as it may be that norketamine was primarily responsible for the sedative effect.
In the present study, premedication with ketamine provided a degree of sedation which was similar to that achieved with morphine in terms of patient demeanour on arrival in the operating department and reaction to venepuncture or inhalation induction. Possible advantages of ketamine over morphine include ease of administration (as ketamine is not a controlled drug), and patient acceptability, avoiding the need for an injection.
In conclusion, oral ketamine 10 mg/kg, in combination with trimeprazine, has been shown to be an effective and safe agent for premedication of children undergoing cardiac surgery. It has become a regular feature of our premedication regime and we believe that administering ketamine orally for sedation is a valuable additional indication for a wellestablished drug.
